in decorated filaments in which the actin was not regularly decorated. Figure 1 shows the application of the IHRSR method to both the undecorated yeast F-actin and muscle F-actin segments that have been found. The Summary average "twist" of both muscle and yeast F-actin in the absence of other proteins is ‫661ف‬Њ per subunit. The Actin is one of the most highly conserved eukaryotic twist of the tilted muscle F-actin converges to ‫161ف‬Њ proteins. There are no amino acid changes between per subunit in these naked patches, similar to the twist the chicken and human skeletal muscle isoforms, and imposed by cofilin on extensively decorated filaments the most dissimilar actins still share more than 85%
of subdomains 2 and 4 of ‫01ف‬Њ and ‫5ف‬Њ, respectively, of the molecule in the closed state [17] . Most significantly, an ‫03ف‬Њ rotation of one of the major domains when compared with structures for ATP-␣-actin [21] . Yeast hexokinase has a 12Њ rotation of the two major was required [8] to superimpose the nucleotide-bound structures of actin [23] Figure 3B ). In addition, the nucleotide binding cleft in subdomain 2 (residue 41) of one actin subunit and subdomain 1 (residue 374) of an actin subunit above it on the disulfide-bonded filaments is now closed ( Figure  3B ), which provides an additional means for the subunit the same long-pitch helical strand [13, 26] . Under conditions of extensive crosslinking ‫%39ف(‬ of all subunits to accommodate the strain imposed. Only finding this partially rotated state in the disulfide crosslinked filaare linked by a disulfide to an adjacent subunit), no segments of tilted actin were found after filaments were ments provides a very nice confirmation of the models proposed (Figure 3 ), since such a disulfide would be extensively decorated with yeast cofilin. However, ‫000,1ف‬ segments were found ( Figure 2B ) that yielded a incompatible with the fully tilted state due to the large distance that now occurs between subdomain 2 and very stable reconstruction of a partially propeller-rotated state. We have been able to eliminate the possibility subdomain 1 above it. The tilted state of actin clearly requires entirely new that this state is actually a mixture of segments that are tilted and rotated and segments that are untilted and contacts to be made between subunits in the filament. An interesting question is how such contacts can switch unrotated by showing that segments cannot be sorted into two such classes using tilted and untilted references in the filament without the filament breaking. One explanation may have to do with the fact that actin contains (data not shown). In normal F-actin, subdomain 2 makes a strong contact with subdomain 1 (Figure 2A ), but in two "strands" of subunits, and a switching of contacts of one subunit would not break the filament as long the tilted state of actin, subdomain 2 makes a strong contact with subdomain 3 (Figure 2C ). In the crosslinked as contacts are still made to this subunit by adjacent subunits on the opposite strand. Thus, it is possible that partially rotated state, subdomain 2 also appears to such sequential switching could occur that would never makes an important contact in normal F-actin with subdomain 1 of a subunit above it on the same long-pitch break all contacts at the same time. It is also possible that the subunit does not rotate as a whole, and large helical strand, now makes contact with subdomain 3 of the subunit above it ( Figure 4C ). This suggests that internal deformations allow sequential switching within individual subunits. We suggest that the existence of several of these sequence inserts play an extraordinary role in a number of different states of F-actin. such multiple contacts within F-actin provides strong additional constraints against mutation over a large surOver the course of eukaryotic evolution, virtually no differences have emerged in the structure of F-actin and face of the actin subunit. The recent determination of a structure for the bacterial MreB protein showed that it only small differences have emerged in the sequence. Traditionally, the existence of large numbers of actin is an actin homolog [9] and provides a framework for understanding the prokaryotic origin of actin-based mobinding proteins was invoked to explain the selective pressure that might lead to such a conservation. Howtility, the cytoskeleton, and muscle. Interestingly, there are six sequence inserts that occur in all eukaryotic ever, the actin binding proteins themselves remain far less conserved, suggesting that this argument may be actins that are absent in MreB. Five of these appear to be involved in the subunit-subunit contacts that hold quite incomplete. Just as the ability of actin subunits to exist in states with large differences in twist has been "normal" F-actin together ( Figure 4A 80 keV and a nominal magnification of 30,000ϫ. into the EM reconstructions. Transformations used in docking the surfaces were then applied to the atomic structure coordinates, Image Analysis followed by the imposition of helical symmetry to generate filament Yeast WT Actin models. Models for the propeller-rotated actin were generated using The SPIDER image processing Software [30] 
